Purpose: We aim to assess the Bayley Scales of Infant and Toddler Development, third edition (Bayley-III), Adaptive Behavior (AB) and Social-Emotional (SE) scales at 18 to 24 months of corrected age (CA) to examine their associations with school-age cognitive and behavioral outcomes in children born preterm. Methods: Eighty-eight infants born with a very low birth weight (<1,500 g) or a gestational age of less than 32 weeks who were admitted to the neonatal intensive care unit from 2008 to 2009 were included. Of the 88 children who completed school-age tests at 6 to 8 years of age, 37 were assessed using the Bayley-III, including the AB and SE scales, at 18 to 24 months of CA. Correlation, cross-tabulation, and receiver operating characteristic analyses were performed to assess the longitudinal associations. Results: A significant association was observed between communication scores on the Bayley-III AB scale at 18 to 24 months of CA and the Korean version of the Wechsler Intelligence Scale for Children (K-WISC) full-scale intelligence quotient (FSIQ) at school age (r=0.531). The total behavior problem scores of the Korean version of the Child Behavior Checklist (K-CBCL) at school age were significantly negatively related to the Bayley-III SE and AB scales but not to the cognitive, language, or motor scales. Conclusion: Our findings encourage AB and SE assessments during the toddler stage and have important implications for the early identification of children in need of intervention and the establishment of guidelines for follow-up with high-risk infants.
INTRODUCTION
Infants born preterm are at greater risk of neurodevelopmental impairment than infants born at term 1, 2) .
The Bayley Scales of In fant and Toddler De
velopment, third edition (Bayley-III, 2006) , are frequently used to assess infant neurodevelopment. The Bayley-III includes separate composite scores for cognitive, language, and motor scales. Additionally, primary caregiver-reported questionnaires are incorporated to assess Social-Emotional (SE) and Adaptive
Behavior (AB) aspects. Arpi and Ferrari 3) found that SE difficulties in children born preterm predicted behavior problems and that the prevalence of one or more behavior pro blems was higher in children born preterm than in children born at term. Furthermore, they found that behavior problems tended to co-occur with disabilities in the cognitive, motor, and language domains.
Both the Bayley-II and III are used to assess neurodevelopmental outcome of children in Korea. To date, few studies have reported results related to the Bayley-III SE and AB scales [4] [5] [6] [7] , with most studies focusing on the cognitive, language, and motor scales of the Bayley-III or the mental developmental index (MDI) and the psychomotor developmental index (PDI) of the previous edition of the Bayley Scales of Infant Development, second edition (BSID-II) 8, 9) . The Bayley-III SE and AB scales have the potential to provide more clinically useful information for the prediction of neurodevelopmental outcomes related to cognitive function and behavior problems at school age and to contribute to the development of early intervention programs to improve impairment.
In the current study, we aimed to assess the Bayley-III AB and SE scales at 18 to 24 months of corrected age (CA) to examine the association with school-age cognitive and behavioral outcomes of preterm school-aged children. We focused on the Bayley-III AB scale, particularly, the conceptual adaptive domain, which summarizes performance across the communication, functional pre-academics, and self-direction skill areas, as higher cognitive control is presumed to have a more important impact than earlier stages of development. 
MATERIALS AND METHODS

Study design
Data collection and definitions
The following clinical data of the infants were collected: birth weight, gestational age, whether infants were small for gestational age (birth weight <10th percentile for age), and prenatal steroid administration (any dose of corticosteroids administered during pregnancy). The comorbidities of preterm infants were assessed, including blood culture-proven sepsis (determined by at least one positive blood culture and clinical signs of infection), necrotizing enterocolitis (according to the modified Bell's criteria) 10) , periventricular leukomalacia, retino pathy of prematurity, and bronchopulmonary dysplasia (BPD), which was defined based on the 
2) School-age tests
(1) Cognitive test: K-WISC-IV General intellectual ability was evaluated using the Korean version of the K-WISC-IV 13, 14) . The FSIQ was used to assess general intelligence, and the index scores of the four subdomains were evaluated to obtain more specific cognitive information. The verbal comprehension index (VCI) was used as a measure of the knowledge of word meanings and verbal reasoning abilities, the perceptual reasoning index (PRI) was used as a measure of visuoconstructional skills and visual reasoning abilities, the working memory index (WMI) was used as a measure of immediate and working memory, and the processing speed index (PSI) was used as a measure of speed and accuracy of information processing. The FSIQ was standardized by age, with a mean of 100 and an SD of 15.
(2) Behavioral test: K-CBCL Behavioral outcomes were evaluated with the K-CBCL, which is a frequently used questionnaire with 119 items that provides parent-reported data on behavioral problems in children [15] [16] [17] .
The K-CBCL has a total of eight subscales (withdrawn, somatic complaints, anxious/depressed, and social, thought, attention, delinquency, and aggression problems) that are classified as internalizing behavior problems (withdrawn, somatic complaints, and anxious/depressed) and externalizing behavior problems (attention, delinquency, and aggression problems).
Total behavior problem scores were calculated by summing the scores obtained for each item. The raw score of the K-CBCL can be converted to a T-score with a mean of 50 points and an SD of 10 points. High scores suggest more problems, and T-scores of 60 or more are considered in the clinical range and are indicative of behavior problems 18) .
Statistical analysis
The data analysis was performed using SPSS version 20.0
for Windows (IBM Co., Armonk, NY, USA 
RESULTS
Demographic characteristics
Of the 37 children who completed both the Bayley-III at 18 to 24 months of CA and the school-age tests, including the K-WISC-IV and K-CBCL, at 6 to 8 years of age, two were not eligible for follow-up, and six did not complete the full assessment. The remaining 29 children constituted the study population ( Figure   1 ). Table 1 shows the characteristics of the sample during the NICU stay and at the school-age follow-up. The mean gestational age was 27.5 weeks, and the mean birth weight was 927 g. Two children were diagnosed with cerebral palsy (5.7%), and none were blind or deaf. The mean K-WISC-IV FSIQ score was 82.4 (SD=26.8) and 26.7% (n=8) had K-WISC-IV FSIQ scores lower than 70 (2 SD).
Correlations and comparisons of the Bayley-III subscales
The correlations among the Bayley-III cognitive, language, 
Predictive ability of the Bayley-III subscales for the schoolage tests (K-WISC-IV and K-CBCL)
The mean differences in the Bayley-III scores between scores 1 SD below and above or equal to the K-WISC-IV FSIQ score of 85 are shown in Table 3 . The sensitivity of low scores (<-1 SD) on the Bayley-III subscales at 18 to 24 months of CA for predicting mild impairment on the K-WISC-IV FSIQ (<-1 SD) at school age was low, but the specificity was high ( Table 4 
DISCUSSION
In this study, we assessed the Bayley-III SE and AB scales, which were added to the revised Bayley assessment in its third edition 12) . The Bayley-III SE and AB scales showed mild to moderate correlations with the cognitive, language, and motor scales. For prediction of later neurodevelopmental outcomes, we found that the Bayley-III SE and AB scales at 18 to 24 months of CA were significantly associated with school-age cognitive and behavioral outcomes on the K-WISC-IV and K-CBCL. Treyvaud et al. 19) demonstrated that internalizing problems at 2 years of age were strongly associated with the emotional symptoms of 5-year-old children born very preterm. The tendency toward more withdrawn behavior at school age may be linked to lower rates of social interactions 20) . The results of this study showed that higher rates of internalizing problems, such as anxiety, depression, and social isolation, in school-age children born preterm were predicted by lower SE composite scores at 18 to 24 months of CA. production problems appearing later 24, 25) . This has important implications for developing communication functions during the toddler stage, preventing behavior problems, and improving co gnitive outcomes. This finding also suggests that the early identification of children in need of intervention can improve outcomes.
The main limitation of the current study is that our observations are restricted to a small sample. Therefore, these findings cannot be generalized to broader populations and clinical applications based on this study alone. Future research is needed to assess the clinical implications of the Bayley-III SE and AB scales in sufficiently large samples. Two children with cerebral palsy were included in the study. They achieved low scores on the Bayley-III and school-age tests, but their scores did not impact the main outcomes of our study. The neurodevelopmental impairments evaluated by the Bayley-III SE and AB scales, which are derived from primary caregiver-reported questionnaires, possibly underestimate the problem in some studies due to the tendency of caregivers to exaggerate their children's performances in their reports 6, 26) . However, through questionnaires, these two scales increase the role of the primary caregiver in the assessment process. Given the potential for the clinical utility of these two scales, particularly the Communication skill area for predicting later neurodevelopmental outcomes, future research is needed to identify more appropriate clinical properties of the areas assessed and whether they underestimate or overestimate neu rodevelopmental delays compared with the estimates provided by other scales.
Finally, this study did not examine the influences of maternal mental health factors. It has been found that mater nal mental health factors of depression, anxiety, or stress are associated with impaired social-emotional development in very preterm infants at the age of 2 years 7, 27) . Further longitudinal research examining how maternal mental problems influence emotional well-being in child born preterm may be helpful.
In conclusion, the Bayley-III SE and AB scales at 18 to 24 months of CA showed significant correlations with school-age cognitive and behavioral outcomes of children born preterm, 
